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Abstract 

Purpose: To determine which factors affect the recovery of visual function in macula off rhegmatogenous retinal 
detachment (RRD). 

Methods: In a prospective study of forty-five patients with a primary macula-off RRD of 24 hours to 6 weeks duration, the 
height of the macular detachment was determined by ultrasonography. At 1 2 months postoperatively, best corrected visual 
acuity (BCVA), contrast acuity, and color confusion indexes (CCI) were obtained. 

Results: Macu\ar detachment was present for 2-32 (median 7) days before repair. A shorter duration of macular detachment 
was correlated with a better CCI sature (p = 0.0026) and lower LogMAR BCVA (better Snellen visual acuity)(p = 0.012). Also, a 
smaller height of macular detachment was correlated with a lower LoglVlAR BCVA (p = 0.0034). A younger age and lower 
pre-operative LoglVlAR BCVA at presentation were both correlated with better postoperative contrast acuity in the total 
group (age: p= 1.7x10"'' and pre-operative LoglVlAR BCVA: p = 0.0034). 

Conclusion: Functional recovery after macula-off RRD is affected by the duration and the height of the macular detachment. 
Recovery of contrast acuity is also affected by age and BCVA at presentation. 
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Introduction 

Rhegmatogenous retinal detachment (RRD) with an incidence 
of 18.9/100,000 people per year in the Netherlands [1] is a 
potentially blinding ophthalmic pathology. [2-3] The treatment 
modality of RRD is surgical reattachment of the retina. [4] 
Contrary to the high anatomical success rate [2-3,5-8] the 
prognosis for the recovery of visual acuity (VA) may be 
disappointing. Permanent functional damage is particularly 
observed if the macula is detached, [9-17] which occurs in about 
50% of cases. [1] 

Factors that may influence functional recovery after macula-off 
RRD include preoperative VA, [2] duration of macular detach- 
ment, [2,9,11,18-22] height of macular detachment, [2,15,22-25] 
age, [2,22] and refractive error. [22] Most studies consider only 
the recovery of visual acuity and lack data on other aspects of 
macular function such as contrast acuity and color vision. 
[26,27,29] 



The timing of optimal surgical intervention remains inconclu- 
sive. Burton observed that postoperative VA was dependent on the 
preoperative duration of macular detachment in RRD patients. 
[9] However, he and others suggested that a delay in surgical 
repair between 24 hours and 7 to 9 days does not preclude good 
functional recovery after macula-off RRD [9,11,14] and should 
not be expected to have a significant effect on final visual outcome. 
[11,14] 

The absence of a relation between the duration of the macular 
detachment within the first week and functional recovery may be a 
misguided assumption, since the effect of the height of the macular 
detachment has not been considered in most studies. [2,15,22- 
25,29] Also, such an assumption is not in line with animal 
experiments, in which a progressive loss of photoreceptor cells is 
seen already within the first week of retinal detachment, [15] and it 
has been demonstrated that photoreceptor cell degeneration 
increases as the height of the macular detachment is increased. 
[15,16] 
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The few studies on the influence of the height and the duration 
of the macular detachment on the postoperative recovery of VA 
[23,24] found that - within the first week of macular detachment - 

a lower height of macular detachment was associated with better 
postoperative visual acuity. Furthermore, previous studies relate to 
the outcomes for patients who have undergone "conventional" 
(buckling) surgery. [2,9,11,14,18-22] However, in recent years 
trans pars plana vitrectomy (TPPV) is often used as a primary 
procedure, which might alfect postoperative recovery. [,30] Finally, 
follow-up periods in these studies ranged from 3 to 24 months, 
[2,9,11,14,18-21,23,24] whereas it is known that postoperative 
VA can improve gradually, reaching a maximum value between 
6-12 months postoperatively. [10,31] 

In order to gain a better insight in factors influencing the long 
term postoperative recovery of visual function after macula-off 
RRD, our study aimed to establish the relative contributions of a 
number of factors including both the duration and the height of 
the macular cictac liment to various aspects of visual recovery (i.e. 
best corrected visual acuity (BCVA), contrast acuity, and color 
vision). 

Materials and Methods 

In this prospective observational study we studied patients with 
a first presentation of macula-oflf RRD who underwent successful 
reattachment surgery, after 24 hours to 6 weeks of macular 
detachment. The research protocol was approved by the 
University Medical Center Groningen (UMCG) review board 
ethics committee, and was carried out in accordance with the 
tenets of the declaration of Helsinki. The study was registered with 
the Dutch Trial Register (NTR839). AU patients were operated on 
at the ophthalmology department of the UMCG. The study was 
carried out over a four year period (February 1, 2007 - February 1, 
2011). 

Adult patients visiting the ophthalmolog)- department of the 
UMCG with a first presentation of RRD with a macular 
detachment of 24 hours to 6 weeks duration were invited to 
participate in this study. We defined the moment of macular 
detachment as the subjective loss of VA, since an objective method 
to determine this moment does not exist. Patients with a macular 
detachment of <24 hours were excluded, because in our current 
treatment strategy these are scheduled as emergency surgeries and 
inclusion in the study would interfere with this. 

Included in the study were patients of 1 8 years and older who 
had given their written informed consent. In addition, patients had 
to be able to pinpoint their drop in VA to a specific 24-hour period 
in case of a 24-hour to 1 week macular detachment, and to a 
period of less than one week in case of a macular detachment of 
one to six weeks. Surgery was performed within 24—72 hours after 
presentation at the department. The cut-off point of Si week or > 

I week was chosen, based on results of previous studies. [11,14] 
Patients with macular detachment of more than 6 weeks duration 
were excluded, because they are considered rare and yield a worse 
prognosis. [9] Excluded were patients with a bilateral RRD, a 
history of congenital or acquired pathology with an effect on visual 
function in one or both eyes, or pathology observed at presentation 
after their macula-off RRD (i.e. pathology of the cornea, lens, 
vitreous body, retina (including macula and optic nerve), and 
scleritis). Patients with a congenital d(-fet:t in color vision were 
included. In addition, patients who had a re-detachment during 
the foUow-up period were excluded. 

Macula-off RRDs of less than one week duration were scored 
per day, and of more than one week duration they were scored as 

II days (1-2 weeks duration), 18 days (2-3 weeks duration), 25 



days (3-4 weeks duration), 32 (la\ s (1-5 weeks duration), and 39 
days (5-6 weeks duration), respectively. 

We acquired the following patients' characteristics: age, gender, 
affected eye, ophthalmic history, general history. Using standard- 
ised protocols, the refractive error and BCVA using the Early 
Treatment of Diabetic Retinopathy Study (ETDRS) chart were 
determined for the affected and fellow (control) eye. [27] AU 
BCVA measurements were converted to logMAR equivalents of 
ETDRS visual acuity for analysis. Light perception or hand 
movements were coded as logMAR VA of 3.0. 

The height of the macular detachment was determined by 
optical coherence tomography (OCT) and by ultrasonography 
using the B-mode scanner at a frequency of 20 MHz. 

For OCT measurements, the STRATUS 3000 OCT (Carl 
Zeiss Ophthalmic System, Dublin, CA) was used. The height of 
ma[:ular detachment \vas definc'd as the distance between the outer 
surface of the photoreceptor layer and the inner surface of the 
retinal pigment epithelial layer (RPE, second high reflective line). 
This distance was measured using the analysis program by placing 
calipers at both surfaces at the foveal dip. 

To measure the height of the detachment at the position of the 
central macula by ultrasonography, the relative positions of the 
central macula and the optic nerve head were determined before 
performing a ultrasonography. For this purpose, digital fundus 
photographs of both eyes were made using the TRC-50 IX fundus 
camera (Topcon 9B ltd. UK). On both fundus photographs, the 
distance between the optic nerve head and fovea was measured 
using the software package IMAGEnet2000 2.53. Tlu- measured 
distance in the affected eye was used to determine the central 
position of the macula and at this position the height of the 
macular detachment was measured by ultrasonography (20 MHz 
HF long focus B-scan transducer, Quantel Medical Cinescan S, 
V:5.06)(Figure 1). In those cases (i.e. bullous retinal detachment), 
in which the measurement of the distance between the macula and 
optic nerve head could not be performed on the photograph of the 
affected eye, the measurement of this distance in the fellow eye was 
used. [32] In each patient, two measurements were made with the 
patient in an upright position (as this represents the position most 
patients would have taken for most of the time before presentation 
during the day) and the average of both measurements was used 
for further analysis. In addition, in each patient, two measure- 
ments were made in a lying position and averaged for analysis. 

Most patients (n - 26) had a maximum height of macular 
detachment in a sitting position. However some had a maximum 
height when measured in a lying position (n= 19). We hypothe- 
sized that the maximum height (independent of position) might be 
valuable in predicting functional outcome. Therefore, calculations 
were done again with the mean of the two measurements obtained 
at the position of maximum height of the macular detachment. 

At twelve months postoperatively, we measured BCVA using 
the ETDRS chart, [27] contrast acuity using the Pelli Robson 
chart, [26] Farnsworth D-15 saturated, and Lanthoni desaturated 
color confusion indexes (CCI). [28] All measurements were done 
in the affected and non-operated fellow (control) eye. 

Because of an increased risk of cataract development after trans 
pars plana vitrectomy, which may influence postoperative 
measurements, we scored the level of cataract using the lens 
opacities classification system III (LOCS III) in both eyes at fixed 
post-operative intervals. [33] In addition, BCVA was assessed at 
these time points, and in case of a visually significant cataract a 
cataract extraction was performed before the 12 month measure- 
ment. 

Depending on the distribution of the variable, either a one- 
tailed paired Student's t-test (normal distribution) or a Mann- 
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Figure 1 . Method to measure the height of the foveai detachment by ultrasonography, a. Schematic drawing of the measurement of the 
distance between the center of the optic nerve head and fovea, and assessment of the angle between their connecting line with the horizon, b. 
Drawing of the measurement of the distance between the center of the optic nerve head (determined by drawing a circle along the outer edge of the 
optic disc, excluding the area of peripapillary atrophy) and fovea, and assessment of the angle between their connecting line with the horizon made 
on a fundus photograph, c. Schematic position of the ultrasound probe at the correct angle between the horizon and the connecting line between 
the center of the optic nerve head and the fovea based on the measurement made on the fundus photograph d. Measurement of the height of the 
retinal detachment by ultrasonography at the measured distance between the center of the optic nerve head and the fovea, as obtained by 
measuring this distance on the fundus photograph. 
doi:l 0.1 371/journal.pone.0099787.g001 



Whitney U test (non-normal distribution) was used to explore 
statistical difTerences in visual function. Pearson's (normal distri- 
bution) or Spearman's coefficient (non-normal distribution) was 
used to determine the correlation between measurements of the 
operated and the fellow eyes. For these analyses, p-values below 
0.05 were considered statistically significant. Multivariate forward 
stepwise regression analyses were performed on the postoperative 
visual function variables with duration of the macular detachment, 
height of the macular detachment, age, gender, pre-operative 
BCVA, and preoperative refractive error as independent variables. 



For LogMAR BCVA and ln(desaturated CCI), linear regression 
analysis was used. For log contrast acuity and saturated CCI, 
ordinal regression analysis was used, since these were not normally 
distributed. 

We also analyzed subgroups of patients with a macular 
detachment of between a 24 hours and ^7 days duration, and 
of patients with a macular detachment of between >7 days and S 
6 weeks. In these analyses, only the covariates that were significant 
for the entire group were included. To test whether the effects of 
the covariates were significandy different between short and long 
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duration of macular detachment, the models were also applied to 
the entire group with the interaction terms of the significant 
covariates with an index variable for short or long duration 
included. A statistically significant p-value for the interaction thus 
indicates that the regression coefficients differ significantly between 
the two groups and hence the effect size of the covariate in one 
group is larger compared to the effect size in the other group. 

Because four outcome variables of visual function recovery were 
tested, we applied a Bonferroni correction for multiple testing and 
therefore p-values below 0.0125 were considered statistically 
significant. Data were analysed using SPSS software package, 
version 16.0 (Chicago, Illinois, USA). 

Results 

A total of 56 patients gave their written informed consent. Ten 
patients were excluded because of re-detachment. One patient 
deceased during the study period and was therefore excluded from 
the analysis. In two patients, data on color vision were set to 
missing because of congenital color blindness. 

Table 1 shows the characteristics of our population. The right 
eye was involved in 22 cases (48.9%) and the left eye in 23 cases 
(51.1 %). A TPPV (n = 39) sometimes combined with an encircling 
band (n = 22) was most frequentiy chosen as the primary surgical 
procedure (86.7%), and in 6 cases a scleral buckling procedure was 
chosen (13.3%). During the twelve month follow-up period, 
cataract surgery was performed in 2 1 out of 29 phakic eyes. 

Due to the fact that macular height often exceeded the 
maximum value measurable by OCT, OCT measurements could 
be carried out in only 17/45 patients, whereas ultrasonography 
measurements could be carried out in all. Therefore, we chose to 
use the latter technique in our analyses of macular height. 

The median duration of the macular detachment was 7 days 
(range 2-32). The mean height of the macular detachment in 
sitting position was 1.37 mm. ±1.22 (in two patients only one 
measurement was taken). We observed no statistically significant 
difference between mean height in patients treated by buckle 
surgery (1.38 mm. ±0.74) versus TPPV (1.37 mm. ±1.3) 
(p = 0.988). 

Table 2 provides descriptive data and statistics on pre- and post- 
operative logMAR BCVA, log contrast acuity, and CCI (saturate 
and desaturate) for operated compared to fellow eyes. It shows that 
at twelve months postoperatively, all visual function tests are still 
significantiy worse in operated compared to fellow eyes. There was 
no statistically significant difference between postoperative log- 
Table 1. characteristics of the RRD patients. 



MAR BCVA, log contrast acuity and CCI (saturate and 
desaturate), between eyes operated on by buckle or TPPV, nor 
between phakic and pseudophakic eyes (data not shown). Also, in 
phakic eyes, no relationship was found between LOCS score and 
outcomes of any of the above visual function tests (data not 
shown). 

Table 3 provides the nominally statistically significant results of 
the regression analyses on post-operative visual functioning. In the 
total group, both the duration and the height of the macular 
detachment were significantiy associated with the recovery of 
visual function. A longer duration of the macular detachment was 
significantiy associated with a worse post-operative CCI sature 
(p = 0.0026), and higher LogMAR BCVA (lower SneUen visual 
acuity) (p = 0.012). A larger height of the macular detachment was 
significantiy associated with a higher post-operative LogMAR 
BCVA (p = 0.0034). Further, both an older age (Log contrast 
acuity (p= 1.7x10 *)), and a higher pre-operative LogMAR 
BCVA (log contrast acuity (p = 0.0034) were significantly associ- 
ated with a worse post-operative contrast acuity. 

Subgroup analyses in patients with macula-oflF RRD of ^ 7 days 
duration (n = 25) and those with macula-off RRD of >7 days 
(n = 20) show that most findings remain (nominally) statistically 
significant in one or both subgroups. Only height of the macular 
detachment had a nominally statistically significantly smaller effect 
(i.e. smaller regression coefficient b) on LogMAR BCVA in 
patients with a macular detachment of 7 days or less compared to 
those with a macular detachment of longer than 7 days (p 
interaction =0.018). 

Also, duration of macular detachment seemed to have a 
different effect in the two subgroups,but this difference did not 
reach statistical significance. Nevertheless, the larger effect size 
(regression coefficient b) and the lower p-value in the shorter 
duration group might argue for a more pronounced effect of the 
duration of macular detachment on recovery of BCVA within the 
first week of macular detachment compared to after this time 
point. 

For contrast acuity, the effect sizes in the two subgroups did not 
meet the multiple testing corrected significance threshold, but both 
were nominally statistically significant. As additionally the 
interaction was not statistically significant, this suggests that the 
influence of pre-operative logMAR BCVA on contrast acuity is 
not affected by the duration of macular detachment. 

Finally, calculations with the maximum of the height in sitting 
or lying position instead of height in sitting position did not yield 







Number (percentage) 


Mean age (SD) 


scleral buckllng/TPPV 


Total 


45 (100) 


61.0(10.6) 


6/39 


M 


34 (75.6) 


61.6 (10.5) 


2/32 


F 


11 (24.4) 


59.0 (11.0) 


4/7 


Phakic 


29 (64.4) 


58.7 (8.9) 


6/23 


M 


21(72.4) 


59.2 (8.6) 


2/19 


F 


8 (27.6) 


57.5 (9.5) 


4/4 


Pseudophakic 


16 (35.6) 


65 (12.3) 


0/16 


M 


13 (81.3) 


65.5 (11.9) 


0/13 


F 


3 (18.8) 


63 (13.5) 


0/3 



SD: standard deviation; TPPV: trans pars plana vitrectomy; M: Male F: Female 
doi:1 0.1 371/journal.pone.0099787.t001 
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Table 2. Tests of visual functioning in operated and non-operated fellow eyes{n = 45). 





Visu3l function Op6r3t6d Eyes 




Non-operated Eyes 


P-vslue 


correlstion coefficient 


Mean 


SD 


Mean 


SD 


p* 


Rl 


Visual acuity 12 month postoperatively (logMAR) 0.31 


0.32 


0.054 


0.12 


<0.0005 


0.082 


Median 


Range 


Median 


Range 




R« 


Pre-operative visual acuity (logMAR) 3.00 


0.06-3.00 


0.06 


-0.20-0.86 


<0.0005 


0.24 


Contrast acuity 12 month postoperatively (log) 1.50 


0.15-1.70 


1.55 


1.25-1.90 


0.002 


0.19 


Color vision CCI sature 12 month 1.13 
postoperatively*** 


1 .00-2.66 


1.00 


1.00-2.06 


0.03 


0.48 


Color vision CCI desature 12 month 1.76 
postoperatively*** 


1.00-3.20 


1.63 


1 .00-2.59 


0.02 


0.70 



At twelve months postoperatively, all visual function test outcomes are still significantly worse in operated compared to fellow eyes. 
*Paired Student's t-test; ^ Pearson's correlation coefficient; 
**Wllcoxon rank test; 
"'"■'"Spearman's correlation coefficient, 

*** = n = 43, because two colorblind patients were excluded. 
doi:l 0.1 371 /journal.pone.0099787.t002 



significant correlations with any of tlie functional recovery tests 
(data not sliown). 

Discussion 

We found that visual recovery after macula-oflf RRD is affected 
by both the duration and the height of the macular detachment 
when measured in sitting position. These factors influence various 
aspects of visual recovery in different ways. Recovery of visual 
acuity is decreased in case of a larger height or a longer duration of 
macular detachment. Recovery of contrast acuity is affected by the 
age of the patient and the pre-operative LogMAR BCVA. Post- 
operative saturated color vision is only related to the duration of 
the macular detachment. 

We found that a longer duration of the macular detachment is 
associated with a worse recovery of visual acuity. This is in line 
with previous studies, which showed a worse postoperative 
recovery of visual acuity after longer-standing macula-off RRDs. 
[2,9,11,14,18-22] In our study, mean post-operative recovery of 
VA was higher [2,9-13,14,22,34] and the relationship between the 
duration of the macular detachment and the recovery of VA was a 
little weaker compared to the results of some others, [9, 1 3] and 
somewhat stronger when compared to the study of Ross et al. [34] 

Differences between the outcomes of these studies can be 
explained by differences in study design and studied populations. 
Some studies were carried out retrospectively, [11-12,34] whilst 
others, like our own, were carried out prospectively. [10,13-14,23] 
Studies may have used different definitions and examination 
methods. [10-14,23,34] In- and exclusion criteria were compara- 
ble among all studies. [10-14,23,34] Some studies were larger 
[10-14,34] than our study and some others. [13,23] A smaller 
study population may have led to low power to detect some 
statistical differences. [13,23] The follow-up period varied between 
studies and it is known that postoperative VA can improve in the 
first postoperative year and sometimes even after one year follow- 
up. [10-14,23,31,34] A follow-up period of one year allowed us to 
perform a cataract extraction prior to the 12 month measure- 
ments, whereas in studies with shorter follow-up periods a visually 
significant cataract may have caused a lower VA. [10- 
14,23,31,34] In contrast to others, we measured VA as accurately 
as possible by using ETDRS charts. [10-14,23,27,35] In some 
studies a scleral buckling procedure was performed in all cases, 
[2,9,11,14,18-22] whereas in our and another recent study, both 



TPPV and conventional surgery were performed. [10] Finally, 
older age has been pointed out as associated with a worse 
recovery. [2,22] This could have influenced outcomes, since mean 
[10,12,14] or median [34] age differed between studies. 

Over the past eighty years, perceptions on the critical period of 
macular detachment after which visual prognosis may be 
compromised, have changed from about 1 month in the earliest 
studies [2,19] to about 1 week in the more recent ones. 
[9,11,14,20-21] Ross et al. observed no statistically significant 
difference in post-operative recovery of VA in macula-off RRD 
patients operated on between 1 to 2 days, 3 to 4 days, and 5 to 7 
days after macular detachment. [14] Other recent studies are in 
line with this and seem to indicate that a surgical delay within this 
time period may not adversely affect postoperative visual function. 
[13-14,23] Although we observed a statistically significant 
relationship between duration of macular detachment and 
postoperative BCVA in the total study group, significance was 
lost in our subgroup analyses, in which we looked separately at 
patients with a macular detachment of ^ 7 days and those with a 
detachment >7 days. However, we did observe that the effect size 
(regression coefficient b) for the duration of macular detachment 
was higher and the p-value was lower within the first week of 
macular detachment compared to after this time point. This 
probably indicates that our study was underpowered to determine 
the true effect of delaying surgery within the first week of macular 
detachment. 

In line with others, we identified that a higher macular 
detachment - when measured in an upright position - is associated 
with a worse recovery of BCVA. [2,15,22,24,25] The earliest 
studies defined macular height in a dichotomous manner as either 
bullous or shallow by a clinical estimation of submacular fluid. 
[2,22] Even by this crude method, a relationship between bullous 
macular detachment and a worse recovery of VA was observed. 
[2,22] Studies using OCT can only measure shallow macular 
detachments accurately [25] and height might be considered 
dichotomous in case the height of the detachment surpasses the 
maximum value measurable by the OCT. [25] 

When comparing our results to results of other studies using 
ultrasonography as a measuring method of macular height, our 
study identified a stronger relation between macular height and 
postoperative recovery of BCVA compared to Mowatt et al. [24] 
This difference may be explained by differences in other variables 
between both studies, i.e. our study had a larger number of 
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patients, a shorter median duration of the macular detachment, a 
worse pre-operative VA, a lower mean height of the macular 
detachment, an older age, a longer follow-up period, and a more 
frequent use of TPPV as the surgical technique. [24] In addition, 
we identified the strongest relation (lower p-value) between 
macular height and postoperative recovery of BCVA in patients 
with a macula-off RRD of shorter duration and the largest effect 
size (regression coeflBcient b) between these factors in the longer 
duration group. Also in contrast to Mowatt et al. [24] - we 
observed that a higher macular detachment at presentation is 
related to worse postoperative recovery of VA in macula-off RRD 
of shorter duration, which is in line with observations made by 
Ross et al. in a larger study. [14] 

We found no relationship between both the duration and the 
height of the macular detachment and postoperative recovery of 
contrast acuity, a relationship previously observed by others. [1,3] 
Previous studies found that contrast acuity scores after macula-off 
RRD are lower when compared to a control group of similar age 
[35] and to feUow eyes, [13] which is in hne with our findings. In 
our study, an older age at presentation was highly correlated with 
a worse postoperative contrast acuity, a relationship that was 
previously described for VA. [2,22] 

Although previously pointed out as an important factor for 
postoperative recovery in macula-o£F RRD, [2,18] we did not 
identify pre-operative VA as a significant predictor of postoper- 
ative recovery of LogMAR BCVA. We did identify a relationship 
between pre-operative VA and postoperative contrast acuity, 
which — as far as we are aware - was not previously reported. 

We found that a longer duration of the macular detachment is 
associated with a worse recovery of color vision. This is in line with 
previous studies on postoperative color vision after macula-off 
RRD. [13, 3 7] In addition, the longer the duration of the macular 
detachment, the deeper the color defect was, [13] particularly if 
the duration of the macular detachment exceeded 7 days. Kreissig 
et al. found postoperative color vision disturbances in half of their 
patients, in particular, in older patients. [36] Ozgur and Esgin 
found significantiy more color vision defects in macula-off RRD 
eyes compared to their healthy feUow-eyes, in a comparable study 
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